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ABSTRACT (U)

An extensive library search was conducted to compile data from
tests involving tank vulnerability to high-explosive-blast attack. An
analytical study of these data produced information which will enable
mine designers to make the most efficient choice of explosive weights
and permit a detailed comparisoh of complete-round effectiveness.
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1. (U) ,INTRM uICToN

During the past ten years many tests have been conducted involving tanks
and high-explosive mines. Some measured the vulnerability of the vehicle, or
its components, to blast-uine attack. Others sought to determine the effec-
tLveness of the explosive charges, in the form of mines, against the vehicles.
A few existing reports specificall.y predicted the damage to be expected when
a certain tank encountered a given mine, but these were limited and incomplete.
It is the aim of this program to consolidate and present all the available
data in a form that will permit accurate predictiom of the damage which will
result from the detonation of a given weight of explosive against a tank.
Such information will greatly aid mine designers in making the most efficient
and economical choice of explosive-charge, weights and fuze-functioning
characteristics. This information is particularly desired in connection with
a current feasibility study of remotely emplaced mine systems.

2. (U) ZTERIEL

2,1 Explosive Charges

The explosive charges studied, listed by increasing weight, are
briefly described as follows:

2.5- to 10-1b - Composition B, HBX6, or TNT - galvanized steel
containers with plywood bases.

3.5-lb - Tetrytol - M7 Mine.
12-1b - Composition B, or TNT - M6 Mine.
20- to 22-lb - TNT - Bare charges.
24-lb - Comp B or TNT - Two W6 mines positioned base

to base.
35-lb - Comp B - An WI5 and M6 Mine positioned base to

base.
40-lb - TNT - Bare charge.
44-lb - Cp B - Two 1115 mines positioned base to base.
54- to 216-lb - TNT - Cast 27-lb discs in multiples of 2, 4

or 8.

2°2 Target Tanks

The tanks used for these tests were:

United States - M4, M26 - T26, M47, M48 - T48.
Soviet - T34/85.
German - Panther.
United States - M47 fitted with Soviet JS III Track.
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The widths of the types of track encountered were:

United States double-pin - 23 inches.
United States single-pin - 24 inches.
Soviet T34/85 - 20 inches.
Soviet JS III - 25-1/4 inches.
German Panther - 25 inches.

3. (U) METHOD OF APFRfiCH

3.1 Damage Echelons

The first problem was to categorize the available information in
terms of damage levels that would constitute successful mine attacks.

3.1.1 Echelon "A". Since a tank loses much of its effectiveness if it
cannot move, and-since its mobility was most affected by track breakage,
tids was chosen as the minim=n successful damage. This was called Damage
Echelon "A" and is summarized as: "Target immobilized by track breakage -
reparable by crew in field." The facts that the crewi and the firepower of
the tank are virtually unaf±ected, and that the damage is reparable by the
crew. in a short period of time, were not considered. The primary objective
is to halt the vehicle for some period of time.

3.1.2 Echelon "B". A second degree of immobilization damage was more
severe. It included 1 suspension damage greater than track breakage that
was still reparable. However-, most of the repairs could not be performed
by the crew. Damage Echelon "B" is summarized as: "Target immobilized by
severe suspensioni damage - reparable only in a rear-area repair shop."

3.13 Echelon "C". The third degree of damage renders the tank com-
pletely useless and unreparable. Vehicle overturning is included in this
category by definition. This is Damage Echelon "C" and is summarized as:
"Target destroyed - damage irreparable." The possibility of damage by fire
was not considered.

3o1.4 Objectives. Using these damage echelons, three specific objec-

tives were sough:_F

a. A minimum weight of explosive that will immobilize the tank.

b. A minimum weight of explosive that will severely damage the
hull.

c6 The weights of explosive required to produce overturning or
complete destruction.
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3.2 Other Parameters Considered

An explanation of the other parameters considered follows:

3.2.1 Target Type. The target type included the model number of the tank
and, in tlhcaseo-T-U tanIs, a no'tion of the type of track, e.g., single-
pin or double-pin.

3.2.2 Explosive Weight. Explosive weight was measured in pounds, but
does not i-nude the weight of the casing of mines.

3.2.3 Standoff Distance. Standoff distance was measured in inches from
two differ n% light charges up to and including 24 pounds, the
measurement was the perpendicular distance between the longitudinal track
centerline and the center of the explosive charge (see Figure 1).

TANK TRACK

GROUND LEV,1

WhIAL DIPTCII

MINE

STANDOFF DISTANCE

Figure 1: Depth and Standoff Measurements For Charges of 24 Pounds or
less.

For charges exceeding 24 pounds, where vehicle overturning was
the rule rather than the exception, the standoff measurement was the horizon-
tal distance bet-ieen the tank hull longitudinal centerline and the center of
the charge (see Figure 2).

3.2.4 Burial Depth. The burial depth was also measured in inches from
two different origins depending on the charge weight. Again, for charges up
to and including 24 pounds, the burial depth was the measurement of the amount
of earth covering the top of the charge (see Figure 1). This is standard
procedure for mines,

For the heavy charges, the depth was measured from ground level to

the center of gravity of the charge (see Figure 2).
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CER, ! OF

GRAVITY

GRCUND LEV

BURIAL DEFP'VI

OUTBOARD INBOARD EXPLOSIVE
WIARGE

STANDOFF DISTANCE

Figure 2: Depth and Standoff 1Neasoxuements for Charges Exceeding-24
Pounds.

3.2.5 Charge Position. The location of the charge in relation to the
tank was determined by two factors: lateral position and longitudinal
position. Lateral position refers to either "Inboard" or ItOutboard," each
relative to the center lines of the tracks. Longitudinal position was
determined by the mnmber of the road heel with which the charge was aligned
or the numbers of the road wheels between vhich the charge vas centered.

3.2.6. Soil Condition. One significant variable, soil condition, had to
be neglected. The soi.-conditon had been recorded by imay proof directors,
but each used his avn teiIdnology and set of values. This produced approx-
imately 20 different nomenclatures with no means for accurately grouping them.

The explosive -type was considered only for the small charges. In
practically all instances, the heavy charges were either Composition B or
TNT, which appear to be approximately equal in effectiveness.

4. RESUTS

4.1 Greater Than 24-Pound Class

(U) The data as presented for analysis were separated by weight of
explosive into three groups. This first group contained the heavy charges
capable of overturning a tank or causing complete destruction. Weights
ranged from the 35-pound Ila5/M6 mine to a 216-pound, cast-TNT charge. De-
tails are contained in Analytical Laboratory Report Number 60-AL-26, Appen-
dix B.
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(U) It was hoped that the data in their final form would indicate
the combination of weight, standoff and depth that will produce imnobili-
zations 100 per cent of the time. This is not the case. The data for these
heavy charges are quite sparse, and at best they ind-icate the maximum stand-
off and depth. combination at which some imimobilizations will occur. There-
fore, in the final analysis, each successful charge will be considered,
thereby producing a range in which some immobilizations can be expected to
Occur.

(0) Nine mines in the 35-pound weight group were fired. The only
successful immobilizations were obtained at a standoff of 64 inches. The
burial depths varied from 10 to 30 inches. All were fired outboard of the
tank, but it is assumed this weight of explosive will successfully defeat
the tank-belly armor over its entire width. Therefore, a 35-polund charge
will imobilize a tan at standoff distances to 64 inches and depths from
10 to 30 inches (see Figuxe 3).

.. . , l ,T., I .. I I , , .. t . ... d , +

IT M

m It

7_577 0 _7 ____ _______

.. H It t : .. L . .. ll

Fgur e , --(-) Dept Ve-rsus tdoff T- 35-Pound Charge

unde re 3Centrliepoftheru Stan doThsefou inboard Charges.imbiie

the targets, thereby substantiating the assumption that 35 pounds willJ also
defeat the belly armor. Outboard, seven attempts produced three imobii-
zations. The conditions that produced these successes were: 93-4nch stand-
off and 31-inch burial; ?7- and 93-inch standoffs., both at 44-inch buials.
These three conditions will. be considered in the fina analyvsis (see Figure 4).
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(0) A. total of 15 charges of 108 pounds were fired, excluding the
one unsuccessful attempt at the extreme 97-inch buial. depth. The other
charges were all' emplanted to depth1-s of either 63 or 65 inches.* At the 63-
inch burial, the mnaximum standoff for immobili zation was 132 inches. However,
this iimmobilization (Danage Echelon ItB") vwas not due to overturning. The
maidnwui overturning standoff vzas 120 inches. At a burial depth of 65 inches
the ina-xni standoff was 102 inches, and the iamobilization wvas due to over-
turning. Th'ese t11Lee conditions will be considered in the final. analysis.
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4.3 Less Than 12-Pound Class

(U) The third group contained the small charges ranging from 2o5 to
10 pounds. Two reports were contained in this grouping, a study of the
effectiveness of M7 mines and a ccmarison study of three types; of explosives.
Details are contained in Analytical Laboratory Report Number 60-AL-23, Appen-
dix D.

(C) Table II of Analytical Laboratory Report 60-AL-23 indicates
that the Soviet T34/85 tank is more readily immobilized by the U7 mine when
detonation occurs between, rather than under, road wheels. Maximum useful
standoff is not defined. This tabulation also reveals that the M7 mine broke
the US single-pin track only under the most ideal circumstances. It is
revealed that the US double-pin track is the most vulnerable of the three
types, but again, maximum useful standoff is not well-defined. Chart 2
reveals an approximate relationship between burial depth of the M7 mine and
probability of immobilizing the Soviet T34/85 tank and the US M26 (double-
pin track) tank.

(C) The comparison study data had to be analyzed separately since
the target used was very unique: an M47 tank fitted with Soviet JS III
track. This analysis indicated two significant facts. More explosive is
required to break the track under the first road wheel than under the third
road wheel. The difference is approximately four pounds of Composition B.
The second significant fact is that the minimum weights of the three explo-
sives required to produce 100 per cent of inmobilizations varies under the
same test conditions. The weights are:

3 lb of HBX6
5 lb of Composition B
5.5 lb of TNT

The difference between 5 pounds of Ccmposition B and 5,5 pounds of TNT may
not be of any significance.

4.4 Summary of Results

(U) For the purpose of comparing explosive weights, a parameter
known as the "Lethal width of the charge" will be used. This is defined
as a measure of the range over which the charge will imobilize a tank.

(C) For the heavy charges, the tank is vulnerable over its entire
'width, plus some distance to either side. The maximum effective standoff
is measured from the charge to the centerline of the tank and is the maximum
distance at which a successful immobilization is nown to have occurred (see
Figure 8). The lethal width is the sum of the maximunm effective standoff
to the right of the charge and the maximum effective standoff to the left of
the charge. Since these two maximum standoffs are equal, the lethal width
is also either maximum effective standoff multiplied by two.

ll
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Maxima standoff,

left - right

Tank, extreme ' Tank, extreme

left position Mright position

charge

Lethal Width

Figure 8 (C) Determination of Lethal WVidth for Charge Weights of 35
Pounds and Above.

(C) For charges of 24 pounds or less the attack is usual.ly directed
against the track. Therefore, standoff distances are most significant when
measured from the track centerline to the charge. A given charge usually
inflicts somewhat greater d.mage when detonated inboard of the track center-
line. This sometimes results in a larger madnnum standoff inboard than out-
board. For the purpose of determining the lethal width of the charge, only
the outboard standoff will be used. This rill insure immobilization vihether
detonation occurs outboard or inboard. For charges of 24 pounds or less, the
lethal vidth will be the maximum outboard standoff times four. This takes
into account both sides (inboard and outboard) of two tracks. Figure 9 is
the specific exam.ple of a 12-pound M6 mine versus US double-pin track.

Effective Width

24 in./t ack

TRACK, extreme TRACK, extreme

12 in. 12 in.
Maximum standoff, Maximu= standoff,

left j right

Figure 9 (C): Determination of Lethal Widths for Charge Weights of 24
Pounds or Less.
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The lethal widths in this weight group indicate the position where immobili-
zations will occur 100 per cent of the time.

(C) In Table I are the conditions plotted on the graph in Figure 10.
For the charges larger than 24 pounds, the lethal width is double the max-
ix= effective standoff. For charges less than 24 pounds, the lethal width
is quadruple the maxmum effective outboard standoff.

Table I. (C) 'lotted Conditions

Explosive Maximum Lethal Burial
Weight, Standoff, Width, Depth,
pounds inches inches inches

216 150 300 72
138 276 72
132 264 81
96 192 96

108 a132 264 63
120 240 63
102 204 65

46 100 200 20
88 176 20
88 176 30

40 93 186 44
77 154 44
93 186 31

35 64 128 10,20,30
24 17 68 3
12 12 48 3

aDamage severe but reparable - target did not overturn.

5. DISCUSSION

5.1 (C) Results

The graph of Lethal Width versus Explosive Weight, Figure 10,
plotted using results from the previous tabulation, closely fulfills
expectations.

13
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Damage in the area of the two lower points is almost exclusively
track damageo These points are well-defined for the particular charge!
target combinations used and they indicate conditions that produce immobili-
zations 100 per cent of the encounters. As the explosive weight increases,
less coverage of the explosive charge is required to break the track. Then,
with only a slight increase in weight, the belly armor becomes vuln.erable
and the lethal width of the charge increases rapidly. However, the con-
ditionas no longer indicate the positions of 100 percent immobilizations°
Instead, they indicate the range of conditions for which immobilizations are
known to have occurred.

Beyond this near-vertical portion of the curve, another slope change
occurs. This is where the increasingly heavy charges begin to overturn the
tank from increasingly larger standoffs, Again, only a range where immobili-
zations; have occurred is depicted. As indicated by the slope of the upper
portion of the graph, a great price must be paid in terms of explosive
weight increase.

Extrapolation of the curve beyond its upper limit should cause it to
approach a horizontal line. In this region of high lethal widths a tremen-
dous explosive weight is necessary to destroy the tank. Extrapolation of
the curve beyond its lower limit should result in an extreme slope change,
becoming almost vertical and intersecting the abscissa at some positive
value, since there is some definite minimum weight that will break the track.
Below this weight, immobilization will not occur and the lethal width of the
charge will be zero while there is still a positive weight of explosive.

The lower (dashed line) curve is included only to indicate the
lower limit of the range of lethal widths covered by the investigation,

It must not be assumed that a charge within the weight range covered
by Figure 10 will necessarily have the lethal width indicated by the curve
with a high probability of immobilization. The type of target, the type of
explosive, the soil condition and the burial depth of the charge may have to
be considered. With regard to charge burial depth, Figure 11 has been
prepared to indicate an approximate relationship between burial depth and
lethal width for explosive weights from 35 to 216 pounds, Unfortunately,
the range of burial depths for amy given charge weight is small.

,5o2 (U) Limitations

While the graph in Figure 10 provides a basis for explosive
weight selection, its widespread application is limited, Data used in con-
structing this graph came from charges detonated against US M4 and Y26
tanks only. Both are obsolete, but the results can still be applied to
modern tanks in the same weight group, However, the results cannot be
applied to either heavier or lighter tanks with any degree of reliability,

15CI T
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In the area where track damage is predominant, all results were
obtained using US double-pin track. It cannot be construed that the findings
of this report can accurately be applied to other types of track, such as
single pin, both US and Soviet.

In the upper region of the graph, the heavy charges used in
overturning the tanks were cast TNT discs. This explosive is the reference
for rating the strength of other explosives. Therefore, others will be more
or less effective depending on their power, relative to TNT. This limitation
must be imposed on the use of the results of this survey.

Possibly the omission of soil-condition variations could inpose
another limitation on the use of this survey's results. By necessity, the
effect of variations in soil condition had to be neglected. Future tests may
indicate that soil condition is a definite factor-.

6. CONCLUSION

It is concluded that.

a. (0) The minimum weight that will produce immobilization is 3 pounds
of HBX6, 5 pounds of Composition B, or 5-1/2 pounds of TNT.
These charges were all detonated on the centerline of the
track directly under an intermediate road wheel. The track
was Soviet JS III, reputed to be one of the strongest available
for testing.

b. (C) Belly armor similar to that of the US M4 and M26 becomes
vulnerable in the explosive weight range of 25 to 35 pounds.

co (C) The minimum charge weight that will overturn a vehicle in the
US 1426 weight class is 35 pounds, However, standoff and depth
combinations are riot sufficiently substantiated to conclude
the range over which the overturning will occur.

do (U) The limitations of the findings of this survey indicate several
sets of standards need to be established. This applies to
damage assessment procedures and the consideration of soil con-
dition,

7o (u) RECOiWN"ATbOS

It is recommended that:

a. The former practice of complete damage asse.smient by qaaiied
personnel, in terms of per cent loss of mobility and firepower, and
man-hars for repair, shculd be resumed.

17
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b. Where practical, future tests should be conducted with operational
vehicles and damage should be completely repaired subsequent to each
firing, thereby minimizing the possibility of cumulative damage.

co Provisions be made in future tests to consider soil conditions.
Basically, this means categorizing the elementary soil types and
establishing standard nomenclature.

d. Future tests in this field of, study be conducted with a secondary
objective of supplementing this survey.

SUBMITTED:

P. E. KETIS
Test Director

REVIEWD:

V. Lo GRAATON C. E. B (OUN
Chief, Terminal Effects and Chief, Infantry and
Special Projects Branch Aircraft Weapons Division

APPROVED:

Assistant Deputy Director
for Engineering Testing
Development and Proof Services
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APPENIX AL
ORDNANCE CORPS Correspondence

PICATINNY ARSENAL
DOVER, NEW JERSEY 1r. A.Stern/nnd/2190

IN REPLY
REIER TO:

FELTMAN RESEARCH AND ENGINEERING LABORATORIES APR 2 's -9 AM
ORDBB- TF3

SUBJECT: Effectiveness of 11E Blast Charges as AT Mines (U)

TO: Commanding General y
Aberdeen Proving Ground
Aberdeen, Karyland
ATTENTION: D&PS

1. (C) This Arsenal is interested in data on the effectiveness of
HE blast charges when used as mines against tanks and armored vehicles.
Such information enables the designer to make the most efficient and
economical choice of explosive charges and permits detailed comparative
analysis of complete round effectiveness. This information is particularly
desired in connection with a current feasibility study of remotely em-
placed mine systems, and may be of considerable use in connection with
other mine weapon systems.

2. (C) Your Proving Ground has conducted the majority of such
vulnerability tests in this country. Considerable data is available in
the various APG firing records, some of it is understood to be unpublished.
It is considered highly advantageous to have the available data compiled
and analyzed in terms of effectiveness and considering such parameters
as charge weight and composition, burial depth and location with respect
to target. Both belly and track attack are to be considered, with every
effort to correlate the damage to currently operational armored vehicles
and tanks.

3. (U) In view of the broad experience of your parsonnel in this
field it is requested that the available data both published and un-
published be compiled, analyzed and published in one report. It is
therefore requested that your agency submit an estimate of time and funds
for completing such a report together with any applicable suggestions or
comnent.

FOR TVE COAND R:

H. ROBINSON

Assistant

A-I
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APTEI)LY, n
Analytical Laboratory Report 60-AL-26

16 February 1960

Title: Immobilization of Tanks by High Explosive Charges

Prepared for: Terminal Effects and Special Projects Br., Inf and Acft Wpns Div

Project No.: TS1-200/01

1. (C)The attached table summarizes the results of detonations of heavy charges
of high explosive placed at various depths and distances from tanks. The weight
of explosive ranged from 35 to 216 pounds, Thirty-six detonations were made against
the M4 Tank and 21 against the 26. Charts 1 and 2 show the location of the charges
relative to a point on the surface of the ground directly beneath the center of
gravity of the tank. The charts also show which detonations immobilized the tank.

2. (C)These data were examined to see whether relationships between percentage
of tanks imlobilized and the different variables--charge weight, burial depth, and
standoff--could be established. Unfortunately the data are not suited to this type
of analysis. The principal shortcoming is that the effects of different weights
of charge and different burial depths are not separable. Apparently, most of the
data were collected from tests whose purpose was to examine the effect of variation
of standoff for a particular combination of burial depth and weight of charge.
The charts show the situation rather clearly.

3. (U)Ideally the type of relationship that would be desired from such data
would be the probability of immobilization as a function of charge weight, burial
depth, and standoff. A useful but much less extensive relationship would be
contours of constant probability (0.5 for instance) instead of complete distribu-
tions. However, estimation of such contours requires at least two percentages
(reasonably wcll defined) near 500% at entirely different combinations of depth
and standoff for each of several charge weights (at least three) spaced over the
range of interest. From the present data it would be possible to estimate only
one such combination for any of the charges used. Without these minimum requirements
estimation of relationships would depend heavily on assumptions or on purely theo-
retical considerations. The choice of reasonable and valid assumptions as well as
the selection of applicable theory would require research and study beyond the
scope of the present statistical examination of data.

SUI MITTED. APPROVED:

) hn S. Hagan J A. E. KARP 7
C/Actg Ch, Statistics Section Chief, Analytical Laboratory

2 Inclas
a/s

Engineering Laboratories
Supporting Services
Development and Proof Services
Aberdeen Proving Ground, Maryland
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Table of NUmber of Tanks Iiinnobilized per Nujber of Detonations
of High Explosive Charges

Mli- Tank

Weigh of Bur il Standoff Proportion Damage
Chare eT D1 eth,_In._ i 0  lImobilized Echelon

35 10 64.-66 2/2 A,C

88 0/1

20 611 1/1 A
76 O/1

30 64 1/1 B
76 0/1
88 o/2

40 36 88 o/1

h6 10 88 0/1

20 88 1/3. c
100 1/1 c

30 88 l/1 c
100 0/1L

54- 6o 0 1/1 B.

7o 9o 0/).
150 0/1

108 63-65 78 0/1
90 2/2 C,B

102 2/3 C,C
120 0/2
150 0/1

96 90 0/1

162 96 108 o/1

216 72 138 i/1 c
150 1/1 c
162 o/1

81 132 1/1 c
150 o/i

91 120 0/i

96 108 o/i

B-2CONFIDENTIAL
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Table (continued)

M26 Tank

Weight of Burial Standoff Proportion Damage
Charge, lb Depth, in. in. Immobilized Echelon

40 28-31 0 1/1 C
93 1/1 B
201 0/1

36 0 1/1 C
105 0/1
129 0/1

41-44 0 2/2 B,B
77 1/1 C
93 1/1 C

54 69 60 1/1 C

108 63 108 2/3 C,C
120 1/2 C
132 1/1 B

216 72 156 0/1

81 132 1/1 C

96 96 1/1 C
108 0/1

Standoff: Distance measured along the surface of the ground from center
of gravity of the tank to the center of the explosive charge.

Damage Echelon: A - track breakage only
B - severe but repairable
C - complete destruction

Inol 1, Page 2
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AFPM, MIX C
Analy tieaJ. Labortory Report (50 -AL-19

5 February 19-60

Title: Immobilizationi ofl Tanks by 11igh LpnplosivG Charges

Prepaared for: Termial Effc-cts and 031jcieJ. Proj3ects Br., Inf and Acft IWpns, Div

Project No. : TSI-P-00/Ol

1. (U) The data supplie.d by your off ice, on the effect of igh~ explosive charges
naanst tLanks, were oxaxiined to see to what ex tent relationohLps between the several
variables and the p'roportion~ of tankc isiobilLzed could 'be found. The analysis
consisted prt(Larily of mstnarizinC th dat", in various ways, coiaigpercents
of tankr, itmobilizedI under similar conditionrs, and makinC cgraphs to chow, where
possible, the changEe in percent ao conditiono ore 'vaied. Sixlmmazy tables in
Inclosure I show for each of four classes of track the number of tanks :Uenbilized
per number of trials, by weig"ht of oxjlosive charge, location. of the charge relative
to the centerline of the track (distani-ce inboard or outcboard), and location of the
charge,, relative to the center of a roadiiheel (on line with the roadwheel or between
roadvheels). A series of Cgraphs is given in Incloorre 2.

2.(C) Because the dLata are sparse, statistically speaking, only rather 'broad
or quite general comrparisno could bu uxpected to reveal. differencesv or sinilarities.
All results discussed below should be interpreted in that context.

a. Double-pin track.

(1) Th~e effectiveness of the w~ine appeared to be una*ffcted by its
location relative to the rondwiheel--whether directly in line vith the center of
the wheel or between wheels.

(2) There was some indication that a mine placed outboard of the first
roadwheel was less cffecbive in :hnmobilizintg the tankl than a 'mine placed at the
same distance outboard of other roadwheels.

(3) Explosive charges detonated, inboard inflictLed more severe damage
then those detonated outboard undeor oimi1 or conditions. Of the 18 inboard
detonations that immnobilized the tank all bwit 3 w-ere classed. as 'severe but repaiztable"
whereas all 21 immobilizations from detonations outboard were due to track breakage
onlay.

b. Others. Data for the other three classes of track seemed to follow
the patteorn discussed above, with one exception. Mines placed outboard of the
first roadwheel of the Soviet T34 were no less effective than nines at the same
standoff outboard of other roadwheels. Generally, however, the data for these tankcs
are insufficient for making detailed comparisons.

3. (C) For each class of track the data were combined to'give the proportion of
tanks immobilized versus weight of explosive and standoff, inboard and outboard.

C-.'
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(These data are in the last two columns of the stumary table.) Plots of "percent
of tanks immobilized versus standoff" are given in Charts 1-4. The points were
connected by straight line segments to present a sketch of the profile of effective-
ness. For several reasons no attempt was made at this time to develop smooth or
more refined curves to describe the probability of immobilization as a function of
standoff, weight of charge, and so on. First, the effects of other variables
are undoubtedly important but not estimable from these data alone. For example,
the longitudinal location of the mine is ignored. Although this factor might be
of little consequence for outboard detonations, it would be quite important for
inboard detonations. Second, engineering considerations, operational experience,
etc., should be brought in to complete the information.

4.(C) Since the interpretation of the curves in these charts is probably
obvious, only a few comments on theinare offered.

a. Data on the double-pin track (T26 Tank) are by far the most complete.
Although inboard detonations of the 24--pound mine are few, this lack of data may
not be serious for the approximate place of the curve on the, graph (Chart 1) can
be visualized by assuming that damage from the 24-pound mind would be at least as
great as that from the 12-pound charge, and that a certain amount of syimmetry about
the centerline of the track would be present. The curve for the 24-pound charge is
systematically displaced to the right of the curve for the 12-pound charge. This
shift is unquestionably indicative of the difference in effectiveness of the two
charges, but the exact location of these curves is due partly to chance and the
judicious choice of intervals used in summarizing the data. Probably the most
reliable measure of difference is along the 50-percent line, since the corresponding
distances have the largest samples.

b. Although the data on single-pin track are scarce, they indicate that
the 12-pound charge at standoff distances (outboard) of 12 to 18 inches is less
effective against the single-pin track than against the double-pin track. The
difference can be seen by superimposing Chart 1 on Chart 2.

c. A similar comparison of Chart 3 (Soviet T3) with Chart 1 shows
approximate coincidence of the curves for the 24-pound charge, but a difference
between the curves for the 12-pound charge. If the two charts are superimposed so
that points on the standoff scale corresponding to the edge of the track are in
coincidence, the curve for the T34 lies to the left, i.e., equal percentages require
smaller standoff. The difference is about 3 inches along the 50-percent line.

SUBMITM: AI'PROVED:

s. Aa Ea
Actg Chief, Statisties Section Chief, Analytical Laboratory

2 Incla
a/s

Engineering Laboratories
Supporting Services
Development and Proof Services

Aberdeen Proving Ground, Maryland
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Summary Tablb 3

Number of Tanks Immobilized per Number of Detonations

(all mines buried to a depth of 3 inches except as noted)

Weight of Location of Mine Relative to Roadwheele
Explosive, Stand- Center Ctr No. 1 Between Total

lb off, in. 1B OB IB 0B IB 0B IB 0B

Double-Pin Track

12 11-13 3/3 4/4 3/3 4/4

14-17 2/2 3/5 0/3 4/4 2/2 7/12

19-22 1/5 I/5 2/3 0/2 3/8 1/7

26 1/4 i/I 2/5

41 1/2 1/2

57 1/1 2/2 3/3

24 13 1/1 1/! 2/2 3/3 1/1

17 1/1 !/1 1/1 1/1'

21-24 4/8 1/2 5/10

25-29 2/6 0/i 0/3 2/10

Single-Pin Track

12 11-13 1/1 0/1 I/I 0/I

14-17 0/i 0/1 0/3 0/5

21 0/! 0/1

24 21-23 0/3 0/2 0/5

Standoff: distance from track centerline to center of mine.
1B, OB: inboard or outboard from track centerline.
Center and Center No. 1: mine placed on line with center of roadwheels.

Column headed Center includes data for all roadwheels except the first.
Betweens mine placed on line halfway between roadwheels.

aAll but 3 inboard detonations that immobilized the tank inflicted "severe

but repairable" damage; all immobilizations from outboard detonations were
due to track beakage.
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Summary Table (Continued)

Number of Tanks InnobilJ.ized per Number of Detonations

(all mines buried to a depth of 3 inches except as noted)

Weight of Looation of Mine Relative to Roadwheels
Explosive, Stand- Center Ctr No. 1 Between Total

lb off, in. IB OB IB OB 1B OB IB OB

T34 Soviet Tank

12 0 I/I I/1

10-11 2/4 0/i 1/2 o/i 3/6.

12-13 i/! 0/1 0/2 3/4 1/1 3/7

16 0/1 0/1

24 19 1/1 1/1

22-23 1/4 0/2 1/6

24-25 0/2 0/1 0/3

German Panther

20-22 1 /- 11,1 1/1 11 1/1 2/2

18 1/1 1/1 2/2

24 0/2 0/2

36 0 / 2b 0 /2b 0/4

42 0/2 0/2

48 0/2 0/2

amines buried 6 inches.
bone mine buried 6 inches.

Inol 1, Page 2 0-4
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Analytical Laboratory Report 60-AL-23

12 February 1960

Title: Immobilization of Tanks by High Explosive Charges

Prepared for: Terminal Effects and Special Projects Br., Inf and Acft Wpns Div

Project No.: TS1-200/01

1. (U) Two groups of data supplied by your office on the effect of
explosive charges against tan-ks were analyzed to obtain, where possible,
relationships between the percent of tanks immobilized and the variables included
in the tests. Summaries of the data are given in Tables I and II, and graphs of
selected results are given in Charts 1 and 2. The paragraphs that follow discuss
briefly the results.

2. (C) US m47 Tank fitted with Soviet JS-3 Track. In this series of 25
detonations of explosive charges against the JS-3 Track three different explosives,
Composition B, TNT, and EBX6, were used in varying amounts. Results are summarized
in Table I and graphed in Chart 1. The graphs show the proportion of tanks
immobilized as a function of weight of explosive charge.

a. Charges of Composition B were placed beneath the first roadwheel and
beneath the third roadwheel. A cursory comparison of the two sets of data indicates
that a much greater charge is needed to immobilize the tank if the explosive is
beneath the first roadwheel. Closer examination of the data shows that only one
detonation under the first roadwheel failed to immobilize the tank. Consequently,
Just how much greater if any the charge must be if placed under the first roadwheel
is not precisely determined. Five or more pounds detonated under the third wheel
appears to be sufficient to immobilize the tank, and 9 or more pounds detonated
under the first wheel is sufficient. The data do not show conclusively that 9
pounds are needed; some smaller amount might suffice.

b. Charges of TNT and IEX6 were detonated beneath the third roadwheel.
Results for the TNT charges were similar to results for the Composition B
similarly placed. The plot shows the TNT curve to the right by a small amount
that is not statistically sifnificant, implying that they could be alike for all
we know. The curve for the 1U3X6 charges, however, is shifted to the left of the
curves for Composition B and TNT, indicating that a smaller charge is required
for immobilizing the tank under these conditions.

3. (C) 3.5-pound charges of tetrytol. About 60 detonations of 3.5-pound
charges of tetrytol placed at various depths and standoff distances were made
against various targets. The data are summarized in Table Ii and graphed in
Chart 2.

D-1
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a. Mines placed between roadwheels of the Soviet T34 immobilized the
tank more often than mines placed in line with the center of a wheel. For
depths up to 12 inches, 4 out of 4 detonations between roadwheels broke the
track, but none in 7 detonations in line with the wheels immobilized the tank.
This comparison might overestimate the difference, because 4 of the 7 were in
line with the first roadwheel--a location that possibly requires a greater
charge to break the track. However, even if those 4 are excluded, the difference
between 0 in 3 and 4 in 4 is still statistically significant.

b. For the M26 Tank, double-pin track, the mines placed between road-
wheels gave a slightly higher percentage of immobilizations, but the difference
is not statistically significant.

c. Although a relationship between percent of tanks immobilized and
burial depth cannot be precisely determined from these data, a sketch of the
data suggesting a relationship is given in Chart 2. Because of the differences
discussed in a and b, above, and because the number of detonations at various
depths was not the same for "center" and "between", those data could not be
combined without obviously distorting the results. Certain combinations seemed
reasonable and were resorted to in order to make the graph.

SUBMITTED: APPROVED:

A. E.CARP
Actg Chief, Statistics Section Chief, Analtical Laboratory

2 Incls
a/s

Engineering Laboratories
Supporting Services
Development and Proof Services
Aberdeen Proving Ground, Maryland
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Table I. Number of Tanks Immobilized per Number of Detonations

US 1M47 Tank Fitted with Soviet JS-3 Track

(all explosive charges were located under the centerline of
the track and buried to a depth of 3 inches)

Longitudinal
Position of Chg, Weight of Proportion of Damage

Explosive Roadwheel No. Charge, lb  Tanks Immobilized Echelon&
Comp. B 1 9.54 1/1 B

8.95-9o3 3/3 B,B,A

8.05 0/1

Comp. B 3 7.94 1/I B
6.99 11 B

4.96-5.07 3/3 B,B,A
4.46-4.57 1/2 A

4.07 0/I

TNT 3 5.56 1/1 A
4.91-5.04 3/4 AA,A

BX6 3 4.57 i/i A
3.59 1/1 A

2.97-3.07 3/3 A,A,A
2.50-2.55 0/2

aDamage echelon of tanks immobilized:

A - track breakage only
B - severe but repairable

IN 1 D -3
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Table II. Proportion of Tanks Inmobilized by 3.5 pounds of Tetrytol
Placed at Various Depths and Distances from Track Centerline

Location of Charge Relative
Burial to -oaduheels

Standoff, in. el~thj_ in. Center Between

1,26 Tank, Double-Pin Track

9 9 3/9
12 1/3 6/12
15 0/1
18 o/5

12 3 2/2

14 3 c/I

T26 Tank, Single-Pin Track

0 3 o/1 1/1

10 3 0/1
12 0/2

12 3 0/1
12 0/1

Soviet Tank, T34/85

8 3 0 /.,)a
9 0/ a
12 113 4/4
15 1/2
18 0/3

10 3 1/1
12 c/1

Standoffs Distance outboard from track centerline to center of charge.
Centers Charge placed on line with center of roadwheels.
Betweent Charge placed on line halfway between roadwheels.

Note: All immobil!zations were due to track breakage.

aTwo detonations at each depth were in line with the first roadwheel.

D-4
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